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Background: Limited outcome data suggested a minimal evidence for better clinical and radiographic
outcome of polyetheretherketone cages compared with bone grafts in the anterior cervical discectomy
and fusion. We proposed a “mini-invasive” surgical technique for harvesting iliac crest grafts that pro-
vides bicortical autografts of sufﬁcient size to be used in multilevel cervical procedures and is not
associated with long-term signiﬁcant donor site pain. Methods: All patients undergoing discectomy and
fusion during a three years period were consecutively extracted from computer database and retro-
spectively evaluated by means of telephonic interview, independently from surgical procedure (iliac crest
autograph or prosthesis). Two procedure-blinded neurologists retrieved baseline clinical-demographic
data and pre-surgical scores of routinely performed scales for pain and functional abilities. Afterwards,
a third blinded neurologist performed clinical follow up by a semi-structured interview including Verbal
Analog Scale for pain and Neck Disability Scale for discomfort. Results: 80 patients out of 115 selected
cases completed the follow up. 40 patients had been treated by mini-invasive bone graft harvesting and
40 with PEEK cages for cervical fusion. VAS for both neck and arm pain were signiﬁcantly reduced within
groups. Patients did not complaint any signiﬁcant pain and/or paraesthesias at donor site from the ﬁrst
week after intervention. Neck Disability Scale was signiﬁcantly lower at the end of follow up in both
groups. Conclusions: “Miniinvasive” bicortical autografts is a less invasive, inexpensive technique to
harvest iliac graft that may produce a reduced amount of general and local donor-site complications
without outcome differences with prosthetic cages.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Anterior cervical discectomy and fusion (ACDF) is a wide-
spreadly used surgical procedure for treating cervical disc diseaseNeurosciences, Neurological
by Elsevier Ltd. All rights reserved[1,2]. Classically, spinal fusionwas obtained bymeans of autologous
bone graft from iliac crest [3]. Since tricortical bone graft harvesting
causes pain at the donor site in up to 30% of patients [4,5], the use of
prosthetic materials has gained great popularity among surgeons in
the last two decades [6]. However, concern has been made about
the relatively high cost of devices that might not be justiﬁed in
terms of both effectiveness and safety [7,8]. Although physical
characteristics of polyetheretherketone (PEEK) cages improve.
Table 1
Semi-structured interview.
Demographic data Age
Sex
Educational level
Baseline clinical data Level of haerniation
Disease duration
Pain distribution
VAS neck
VAS arm
Neck Disability Scale
Follow up clinical data Pain persistence
VAS neck
VAS arm
Neck Disability Scale
Pain at donor site
Paraesthesias at donor site
Gait disturbances
Comorbidities Cardiovascular
Neurological
Orthopaedic
Psychiatric
Others
Table 2
Clinical and demographic data.
Total population Autologous graft PEEK p
Cases 80 40 40 n. s.
Age 49.1 ± 12.1 49.2 ± 11.6 48.9 ± 13.2 n. s.
Male/female 23/17 22/18 21/19 n. s.
VAS at neck level 5.8 ± 3.8 5.6 ± 3.7 5.9 ± 3.8 n. s
VAS at arm level 6.5 ± 3.8 6.8 ± 3.7 6.2 ± 3.8 n. s.
Neck Disability Scale 31.6 ± 1.4% 31.4 ± 1.8% 31.8 ± 1.1% n. s.
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migration of the cages have been observed [9]. On the contrary, iliac
crest autograft for single or multilevel ACDF was found to be
associated with higher fusion, lower complication rates, and
signiﬁcantly lower costs comparedwith allograft, cages, PEEK cages
or other grafts [10]. According to a very recent systematic review of
the literature, limited data on the clinical outcome are available
from non-comparative cohort studies and few randomized
controlled trial, suggesting a minimal evidence for better clinical
and radiographic outcome of PEEK cages compared with bone
grafts in the cervical spine [11]. Recently, we proposed a “mini-
invasive” surgical technique for harvesting iliac crest grafts that
provides bicortical autografts of sufﬁcient size to be used in
multilevel ACDF procedures [12]. This technique is not associated
with long-term signiﬁcant donor site pain and offers comparable
clinical and radiological results to the published surgical series with
cage and/or other implants [13]. By overtaking the criticism of pain
complications, this approach may results more cost effective
compared with prosthetic tools. In order to verify this hypothesis,
we designed a retrospective comparative study that evaluates long
term clinical outcome of “mini-invasive” harvesting of iliac crest
graft versus PEEK cages by means of telephonic interview and self-
evaluation of clinical outcome.
2. Material and methods
All patients with cervical disc pathology undergoing ACDF in our
Institution during a three years period (2007e2009) and with clear
radiological evidences of established fusion at six months follow-
up were consecutively extracted from computer database and
retrospectively evaluated by means of telephonic interview, inde-
pendently from surgical procedure (iliac crest autograph or pros-
thesis). All the patients evaluated gave their informed consent for
the use of the data for the purpose of this study.
“Mini-invasive” harvesting of the iliac crest autograph was
performed by a single neurosurgeon (AS) as previously described
[12]. In brief, limited skin incision (þ5 cm), parallel and 2-cms
superior to the edge of the crest has been performed in order to
avoid the injury of ilio-inguinal nerve. After careful dissection of the
subcutaneous tissue in order to properly visualize the tendon of the
iliac muscle, fascial incision and the underneath muscle dissection
has been carried out in order to expose iliac bone. An obliquely
directed sequential drilling is performed within the iliac crest in a
posterior-to-anterior direction which draws almost a rectangle in
the posterior surface of the ilium, and the dissected bone ﬁnally
removed with periosteal elevator. Great care is taken not to trau-
matize the anterior musculo-tendinous attachments of the crest.
Extra time for graft harvesting was recorded and averaged 18 min
[13]. Another neurosurgeon (LF) routinely used poly-
etheretherketone (PEEK) cages (Medicrea Manta, Lyon, France)
according to standard method [14].
Another neurosurgeon (MV) selected consecutive patients on
the basis of admission time A procedure-blinded neurologist (PM),
not directly involved in clinical and surgical management of the
patients, retrieved baseline data from computer database, including
only clinical-demographic features and pre- and post-surgical
scores of routinely performed scales for pain and functional abili-
ties. Afterwards, a third blinded neurologist (PLV) telephonically
performed clinical follow up by means of a semi-structured inter-
view on neck and/or radicular pain and neck disability (Table 1). On
details, both cervical and site-donor pain were categorized by
means of Verbal Analog Scale and neck discomfort was measured
through Neck Disability Scale. Both scales have been considered
particularly suitable for a telephonic interview [15]. The ﬁrst author
(AS) matched and revised the data. Fusion has been evaluated bymeans of standard lateral cervical radiograms and CT scan. Radio-
logical data were excluded from statistical analysis because out of
the study proposal.
Statistical analysis was performed with ANOVA by SPSS 15.0.
Descriptive statistics were reported as mean ± standard deviation.
Pre and postoperative datawere compared using a paired Student' t
test within groups and Pearson' c2 between groups. A P-value less
than .05 was considered signiﬁcant.3. Results
80 patients out of the 115 selected cases completed the follow
up and were included in the study. Mean follow up period was
3.8 ± .8 years. Main cause of missing data was the change of the
contact number (19/35 patients). 16/35 cases were excluded for
further incident pathologies after intervention such as neoplasms
or other unrelated neurological disorders. 40 patients had been
treated by mini-invasive bone graft harvesting and 40 with PEEK
cages for cervical fusion. Demographic and baseline clinical data are
summarised in Table 2. No signiﬁcant differences in terms of age
and sex between two groups were found. Pre-intervention VAS
score at neck and arm levels resulted quite homogeneous. Mean
values of Neck Disability Scale were not different between autolo-
gous graft and PEEK cage patients.
Patients undergoing “mini-invasive” harvesting of iliac crest
graft complaint signiﬁcant pain and/or paraesthesias at donor site
only during the ﬁrst week after intervention (Fig. 1). Later on these
symptoms become practically irrelevant. Figs. 2e4 summarize the
results of telephone interview. VAS for both neck and arm pain
were signiﬁcantly reduced within groups. Particularly, VAS score
for neck pain decreased from 5.6 ± 3.7 to 2.5 ± 2.3 in patients
treated with mini-invasive autologous bone graft (p .002) and from
Fig. 1. Donor site pain during ﬁrst week after iliac crest harvesting. Fig. 3. Arm VAS scores before and after intervention.
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the same fashion, VAS score at arm level reduced from 6.8 ± 3.7 to
2.33 ± 2.3 (p .001) in autologous group and from 6.2 ± 3.8 to
2.6 ± 2.7 in prosthetic group (p .001). No differences have been
observed between groups for both neck (p .847) and arm pain (p
.532). Fig. 5(AeB) shows radiological evaluation of cervical fusion.
Neck Disability Scale was signiﬁcantly lower at the end of follow
up in both interventions groups. In details, the score decreased
from 31.4 ± 1.8 % to 26.1 ± 1% in “mini-invasive” autograft patients
(p .01) and from 31.8% ± 1.1% to 27.3 ± .6% in PEEK cage patients (p
.01) without differences between groups (p ¼ .548).
4. Discussion
The relatively recent introduction of cage research and
implantology appeared to avoid the complications of previously
used interbody fusion techniques with iliac crest autografts, in
particular the pain at the donor site [6]. Nevertheless, possible
long-term complications and economic concerns limited the use of
prosthesis in the clinical practice [9,16,17]. However, Landriel et al.
reported very successful outcomes in both iliac crest bone graft
harvesting and PEEK cages in terms of ﬁxation stability, recovery ofFig. 2. Neck VAS scores before and after intervention.disc space, return to activities of daily living/work and remission of
symptoms against a considerably higher operation time and a
statistically signiﬁcant difference in terms of complications in pa-
tients fused with autologous bone [16]. Gait disturbances, stress
fractures, blood loss, paraesthesias, superﬁcial infections, haema-
tomas, poor cosmesis and acute and chronic donor site pain are the
most commonly observed complications of iliac crest harvesting
[17,18]. More rarely, major complications have been described,
including arterial injury, peritoneal perforation, hernia and pelvic
fracture [16]. The occurrence of complications may depend on
many variables such as quantity of bone harvested, patient popu-
lation, approach to the crest (anterior vs. posterior) and precise
technique of harvesting [19]. In trend with other surgical special-
ities, minimally invasive methods of iliac crest bone harvesting
including curette, bone biopsy needles and trephines have been
tried in order to reduce morbidity and enhance the overall success
of spinal fusion [20]. In these direction, Spallone recently intro-
duced a mini-invasive technique for harvesting bone by means of
bicortical anterior iliac crest graft resulting in a relatively small,
however large enough size to conveniently ﬁt in at least two cer-
vical interspaces [12]. In a subsequent case series, the same Author
observed a high fusion rate while both graft subsidence and pain atFig. 4. Neck Disability Scales before and after intervention.
Fig. 5. cervical fusion at C5eC6 level with “mininvasive” autologous iliac crest graft. A) Standard lateral radiogram showing a correct displacement of the graft. B) CT scan showing
osseous bridging between inferior C5 endplate and superior C6 endplate.
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addition to very good clinical results [13].
The primary aim of the present report was to compare patients
outcome from the two different fusion methods, bone harvesting
and prosthetic cage, in terms of neck and arm pain and functional
results. The potential role of the newest technology such as dy-
namic plating and artiﬁcial disc is obviously beyond the scope of
this study. Also, we admit that the relative paucity of number of
evaluated patients, lack of randomization (obviously related to the
fact that two different surgeons used different technical strategies)
and the retrospective character of the present investigation could
represent undoubtedly shortcomings. However, we used widely
accepted objective evaluation criteria and strictly blinded the ob-
servers, in order to overcome those shortcomings. Of note, both
groups showed a statistically signiﬁcant improvement in neck and
arm VAS pain scores between baseline and follow-up, whilst no
signiﬁcant differences in mean VAS score had been observed pre-
operatively between the two groups. Furthermore, a signiﬁcant
reduction of Neck Disability Scale score was present at the end of
follow up without any difference between groups. These results
account for a similar long-term clinical and functional outcome.
Although other authors have described long-term gait disturbances
and donor site pain [20,21], in our open group the patients with
iliac-crest autograft did not report any walking difﬁculties and/or
iliac and leg pain and paraesthesias [13]. Beyond above-mentioned
limitations, themain advantages of this study are the adequate long
term follow up (3-years) and the blinded design of the study. In fact,
as stressed above, the clinical data and the scores processing were
obtained and revised from three investigators, all unaware of the
surgical procedure performed by the operators, reducing the
possible biases related to the selection and evaluation biases.
According to Skeppholm et al., the pain from bone graft har-
vesting does not seem to affect the quality of life at 4 weeks post-
operatively and onward [22]. Nevertheless, the donor site
morbidity using a “mini-invasive” approach may be expected to be
less than with open methods because of the smaller incision and
lack of anterior muscles stripping [12], as we reported in a recent
study [13]. The present results also conﬁrm that a less invasive
technique to harvest iliac graft may produce a reduced amount of
general and local donor-site complications. By the way, time-
consuming aspects of autograph were deﬁnitely considered lessimportant than the cost of the devices, or at least an objective
criterium also for negotiating the price of the device. Thus, the use
of iliac crest graft is inexpensive, is associated with no signiﬁcant
outcome differences and it does not affect negatively other
management-related issues such as for example the number of
days of hospitalization. In the actual restricted economical envi-
ronment, a surgical technique which proves to be cost-effective
must be considered an important alternative to prosthetic tech-
nology not only in developing countries but also in developed
countries. This fact would indicate that the present technique can
be reasonably considered as one of the possible alternatives to be
used in the surgical management of cervical disk disease.
As far as we know this is the ﬁrst retrospective paper comparing
Peek cages and bone graft as harvested according to the Spallone
technique [12] in cervical spine surgery. We admit that the fact that
the present study is retrospective, as well as the lack of randomi-
zation, could represent a potential limit in accepting its results and
related conclusions. Therefore a randomized prospective study on
adequate sample population is being planned in our centre also in
order to further validate the present results.
The use of iliac crest graft is inexpensive and is associated with
no signiﬁcant outcome differences. ACDF with autograft can be
reasonably considered as one of the possible alternatives to be used
in the surgical management of cervical disk disease. In the actual
restricted economical environment, a surgical technique which
proves to be cost-effective must be considered an important
alternative to prosthetic technology not only in developing coun-
tries but also in developed countries, provided it does not affect
negatively other management-related issues such as for example
the number of days of hospitalization.Ethical approval
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